ABSTRACT -Specific language impairment (SLI) occurs when children present language maturation, at least 12 months behind their chronological age in the absence of sensory or intellectual deficits, pervasive developmental disorders, evident cerebral damage, and adequate social and emotional conditions. The aim of this study was to classify a group of children according to the subtypes of SLI and to correlate clinical manifestations with cortical abnormalities. Seventeen children with SLI were evaluated. Language assessment was based on standardized test (Peabody) and a non-standardized protocol, which included phonological, syntactical, semantical, pragmatical and lexical aspects of language. All children, except one, had abnormal MRI. Thirteen children presented perisylvian polymicrogyria. The MRI findings in the remaining thre e patients were: right frontal polymicrogyria, bilateral fronto-parietal atro p h y, and hypogenesis of corpus callosum with Chiari I. The data show that patients with posterior cortical involvement tended to present milder form of SLI (no sign of art i c u l a t o ry or bucofacial praxis disturbance), while diffuse polymicro g y r i c perisylvian cortex usually was seen in patients who presented severe clinical manifestation, mainly phonological-syntactic deficit. In conclusion, SLI may be associated with perisylvian polymicrogyria and clinical manifestation may vary according to the extent of cortical anomaly.
Language impairment in children is identified by comparing their language development with other c h i l d ren at the same age. When children present language maturation, 12 months behind their chronological age, it is said that they have a deficit in language development. This deficit can simply indicate a delay in learning or a developmental language diso rd e r. In the case of learning delay, the deficit re spects the normal stages of language development and, as time goes by, it decreases with or without therapeutic intervention. In other words, the language manifestations are not persistent. In general, it is a consequence of delayed cerebral maturity or insufficient exposure to linguistic stimulation 1 . Conversely, developmental language disorder is a deviant and persistent impairment with repercussion on written l a n g u a g e 2 . Developmental language disorders occur in the absence of sensory or intellectual deficits, pervasive developmental disorders or evident cere b r a l d a m a g e 3 .
Furt h e rm o re, such cases are not consequences of social or emotional factors. These children pre sent what is called specific language impairment (SLI), one of the most frequent disturbances in the development of higher mental functions in children. One of the main criteria for the diagnosis of SLI is the diff e rence between cognitive linguistic and non-linguistic abilities, evident through the testing of non-verbal intelligence 4 , which is usually normal.
Subtypes -SLI cases can present great variability in clinical manifestations concerning language. Some c h i l d ren present difficulties only in expression, others in expression and comprehension of language. Allen and Rapin 5 p roposed a SLI classification with six subtypes, divided into three groups. The classification was based on an evaluation of spontaneous and directed language, taking into account the level of linguistic analysis, in terms of phonological, morphosyntactic, semantic-lexical and pragmatic analysis. The subtypes are: P h o n o l o g i c -p rogramming deficit: c o m p rehension is adequate. The child speaks fluently in fairly long utterances, but speech is hard to understand. Sentence stru c t u re is generally good, but grammatic markers may be omitted. Speech onset can be either normal or delayed; Verbal dyspraxia: c o m p rehension is adequate, but speech is extre m ely limited, with impaired production of speech sounds and short utterances. There may be signs of oromotor dyspraxia. Some children develop a rich gestural language and profit from learning signs and re a ding. Speech onset is very delayed; P h o n o l o g i c -s y n t a tic deficit: utterances are short and grammatically inc o rrect, with omission of functional words and grammatical inflections. Speech articulation is deficient. Wo rd-finding problems are frequent. Compre h e n s i o n is variable: there may be difficulty in understanding complex utterances and abstract language. Speech onset is very delayed; Verbal auditory agnosia: c h i ld ren understand little or nothing of what they hear because they are unable to decode language at the phonological level. Speech is absent or very limited with poor articulation. This syndrome occurs in epileptic aphasia and may be associated with clear EEG abn o rmalities; Lexical-syntactic deficit: c h i l d ren have w o rd-finding problems and difficulty putting their ideas into words. Spontaneous language is superior to language constrained by the demands of conversation or answering questions. Syntax is immature rather than deviant. Production of speech sounds is n o rmal. Comprehension of complex sentences is poor. Onset of speech is usually delayed; S e m a n t i c -p r a g m atic deficit: children speak in fluent and well-formed utterances with adequate articulation. However, the content of language is bizarre and the child may be echolalic or use overlearned scripts. Compre h e n s i o n may be over-literal, or the child may respond to just one or two words in a sentence. Language use is odd, and the child may chatter incessantly or produce language without apparently understanding it. The child is poor at turn taking in conversation and maintaining a topic.
N e u robiological basis -M a l f o rmations of cort i c a l development have been seen in children with SLI. P l a n t e 6 , using magnetic resonance imaging (MRI), found atypical perisylvian symmetry in six of the eight boys diagnosed with SLI. Duvelleroy-Hommet et al. 7 o b s e rved abnormalities in the normal standard of hemispheric asymmetry, especially in the parietooccipital and parieto-temporal areas.
In a recent study, Guerre i ro et al. 8 indicated an association between polymicrogyria on perisylvian region and SLI. Polymicrogyria is an anomaly of cortical development in which neurons reach the cort e x but are abnormally distributed, resulting in the formation of multiple small gyri 9 . Perisylvian polymicrogyria has been associated with a wide spectrum of clinical manifestations, such as epilepsy, pseudobulbar signs, cognitive deficits and developmental language disorder or SLI 8, 10, 11 . The present study has the following objectives: to distinguish linguistic and non-linguistic communicative manifestations of the subtypes of SLI; and to p resent evidence of the correlation between the clinical manifestations of the diff e rent types of SLI and c o rtical abnormalities detected on neuro i m a g i n g exams.
METHOD
Seventeen children with SLI were evaluated. A comprehensive protocol was applied to study, pro s p e c t i v e l y, every child presenting language delay as primary complaint. Inclusion criteria were: children should be at least 4 years of age; primary complaint of language delay; normal neurological examination; normal hearing by audiometry; intelligence quotient (IQ) >70; and an informed consent signed by parents or guardians giving permission for their child ren to take part in this re s e a rch. The protocol and the inf o rmed consent were approved by the ethical committee of our university hospital.
Language evaluation -The language assessm ent was based on standardized test and a non-standar dized protocol.
The standardized test used was the Peabody Picture Vo c a b u l a ry Te s t -revised (PPVT), Brazilian standard i z a t i o n by Capovilla and Capovilla 1 2 , to evaluate auditory -re c e p t ive vocabulary.
The non-standardized protocol used spontaneous language recorded on VHS video during a one-hour play session. We systematically evaluated, according to a semi-stru ct u red protocol, free conversation, repetition, and the following aspects of language: phonological, syntactical, semantical, pragmatical and lexical. Analysis criteria were:
Phonological production. Type of phonological alterations: delayed (phonological simplifications no longer expected at the chronological age, however, observed in the n o rmal language); deviant (phonological simplifications not found in the normal language development); inaccurate (great variation in the articulation of words and incre a s e in the amount of syllable reductions as word extension increases).
Morphosyntactic production (syntax). Sentence stru cture; nominal and verbal concordance.
Semantic-lexical production. P redominant form of access to lexicon: access using the appropriate lexicon (even with a few words); access using idiosyncrasies; access using periphrases (the use of two or more words instead of an inflected word to express the same grammatical function -example: "that's to eat" instead of "spoon"); and deictics.
Pragmatic evaluation. Conversational abilities (ample, restricted) and communicative functions (ample, restricted).
C o m p rehension evaluation. Understanding of at least 10 short enunciations (example: "get the pencil"), and 10 long enunciations (example: "get the pencil and put it on the table") with words that have lexical and grammatical meaning.
For children that did not speak or who spoke with re strictions (scattered words and phrases) the language evaluation used the following analysis criteria: intentionality, f u n c t i o n a l i t y, engaging in dialogue activities, means of communication and level of comprehension.
Language evaluation was perf o rmed by a child speech therapist (S.R.V.H.) specialized in language development. The aim was to categorize abnormal language findings a c c o rding to the classification proposed by Allen and Rapin 5 .
Psychological assessment -Intellectual ability was assessed by the Wechsler Intelligence Scale for Children -III (WISC-III), or the Wechsler Preschool and Primary Scale of Intelligence (WPPSI). Since language delay was re q u i re d for inclusion into the study, our patients frequently pre s e nted verbal IQ scores inferior to perf o rmance scores. Low verbal scores jeopardized full scale, therefore we decided to take into account only the perf o rmance IQ score because it better re p resents the cognitive ability of this type of patient.
N e u rological examination -A detailed neuro l o g i c a l examination was perf o rmed and signs of pseudobulbar palsy were specifically investigated. Tongue movements (prot rusion, lateral and upward m ovements) were examined, and the presence of abnormal gag reflex, brisk jaw jerk and automatic-voluntary dissociation of facial movements was specifically noted.
Children with mild developmental motor delay (walking acquisition between 18 and 24 months of age) entere d the study providing that developmental language delay was the primary complaint.
P a rents or guardians were specifically questioned about a past or present history of drooling, choking, feeding difficulties in the neonatal period, swallowing and sucking p roblems, and current difficulty of whistling or blowing. A careful family history was searched.
MRI -N e u roimaging investigation was perf o rmed in a 2.0 T scanner (Elscint Prestige), using the following protocol: (a) sagittal T1 spin-ec ho, 6 mm thick (TR=430, TE=12) for optimal orientation of the subsequent images; (b) coronal T1 inversion re c o v e ry, 3 mm thick (flip angle=200°; TR= 2800-3000, TE=14, inversion time TI=840, matrix=130x256, FOV=16x18cm); (c) coronal T2-w eighted "fast spin echo" (FSE), 3-4 mm thick, (tip angle=120°; TR=4800, TE=129, matrix=252x320, FOV=18x18cm); (d) axial images parallel to the long axis of the hippocampi; T1 gradient echo (GRE), 3 mm thick (flip angle=70°, TR=200, TE=5, matrix=180x232, FOV=22x22cm); (e) axial T2 FSE, 4 mm thick, (flip angle= 120°, TR=6800, TE=129, matrix=252x328, FOV=21x23cm; ( f ) volumetric (3D) T1 GRE, acquired in the sagittal plane for multiplanar re c o n s t ruction (MPR), 1-1.5 mm thick (flip angle=35°, TR=22, TE=9, matrix=256x220, FOV=23x25cm). We p e rf o rmed MPR and curvilinear re f o rmatting in all 3D MRIs 13 .
RESULTS
F rom January 1998 to December 2001, 31 consecutive children with primary complaint of language delay were evaluated. Fourteen were excluded because of a global developmental delay, psychological evaluation showing IQ<70, or because they did not complete all steps of the protocol. The re m a i ning 17 children met all inclusion criteria and are the subjects of this study. Fifteen of these 17 childre n were included in a previous study 8 . Ages ranged from 4 to 14 years (mean = 6.5) and 12 were boys. Demographic data, psychological evaluation (IQ and handedness), history of pseudobulbar difficulties, family history of SLI, neurological examination and the careful search for pseudobulbar signs are presented in Table 1 . Table 2 shows the results of the language assessment. The subjects that did not speak (or who spoke only a few words) could not be classified accord i n g to the Allen and Rapin 5 subtypes, which are based upon diff e rent levels of linguistic analysis. These children were classified as having a mixed deficit when they showed comprehension difficulties, and an exp ressive deficit when they did not show any comprehension difficulty.
Fig 1. Curvilinear re c o n s t ru c t i o n f rom 12 mm of depth from the cortical surface showing (A) norm a l aspect of the gyri in a normal
The correlation between language assessment and MRI abnormalities are presented in Table 3 . Reg a rding imaging abnormalities, the term diffuse polym i c rogyria was used when the cortical abnorm a l i t y o c c u rred around the entire extent of the Sylvian fissure, including the parietal region; while the term posterior parietal polymicrogyria was used when polymic rogyria was restricted to the posterior aspects of the parietal regions, without MRI abnormality at the anterior 2/3 of the Sylvian fissure 1 4 . Only two childre n (patients 8 and 11) showed asymmetry of polymicrogyric cortex, which predominated on the left. All other children with polymicrogyria presented symmetric bilateral polymicrogyria (Figs 1 and 2) .
The analysis of the results prompted a further division of the findings according to the extent of the p o l y m i c rogyric cortex and the severity of the clinical manifestation: patients with posterior parietal cort ical involvement tended to present milder form of SLI, while diffuse polymicrogyric perisylvian cort e x involving pre-central and frontal regions usually was seen in patients who presented severe clinical manifestation. Only one child had normal MRI. Other thre e c h i l d ren had diff e rent imaging findings. One child had right frontal polymicrogyria on MRI, one had hypogenesis of corpus callosum and Chiari I, and one had bilateral fronto-parietal atrophy.
DISCUSSION
The identification of the subtypes -The phonologic-syntactic deficit seems to be the most common subtype, and could be delayed, deviant or inaccurate. The subjects with phonological deficit of the inaccurate type presented articulation praxis and bucofacial disorders. This fact raised the question of whether it is possible to diff e rentiate some cases of phonologic-syntactic deficit from verbal dyspraxia, as proposed by Allen and Rapin 5 . On neurological examination, most of them presented pseudobulbar signs (Table 1) . Dyspraxia seems to be the basis for the inaccurate phonological alterations and for the limited ability in producing enunciations. Even the compre h e n s i o n d i fficulties can be partially justified by the diff i c u lties in motor planning for speech: the constantly imp roving repetition of the words allows the child to identify the underlying abstract segments and to f o rm long term re p resentations in the memory 2 . Thus, alterations in production interf e re in the perc e p t i o n of language development in children. The lexical-semantic aspect of the language of these subjects was also slightly affected. The access to words was, howe v e r, considered appropriate, that is, even though fewer words were used, they were not substituted by deictics or periphrases. The involvement of other linguistic subsystems is justified, even if secondarily, because the process of semantic, syntactic and phonological acquisition is closely connected during the period of language development. Neuro p h y s i o l o g i c a l changes influence the emerging phonology, the same way that the cognitive-linguistic development leads to automation of speech motor control. Thus, syntactic simplification strategies interact with phonological simplification strategies, and even with lexical selection strategies, which can justify the re s t r i c t e d v o c a b u l a ry of the subjects described. It seems that lexicon amplification is also related to the capability of producing them.
The conversational and narrative abilities of the subjects with phonologic-syntactic deficit were shown to be restricted. However, this was not considered to be a fundamental component of this disord e r. Child ren with phonologic-programming deficit pre s e n ted the same characteristics. They were, however, cons i d e red to be secondary to phonological deviations. These children avoid speaking because they are aware of their difficulty. The jeopardized speech intelligibility interf e res in conversational abilities, language functionality, and interest for the narrative 4 . T h ree subjects (patients 7, 9 and 10) were classified as having phonologic-programming deficit because they had problems in the phonological aspect of language. These subjects did not present any art i cu l a t o ry and buccofacial praxis disord e r, or phonological deficit of the inaccurate type. Some diff i c u l t i e s in comprehension of long enunciations were observed, however, they were much more subtle when compared with the other children.
One subject was classified as having a lexical-syntactic deficit due to the difficulty of lexical evocation and memorization. The fundamental characteristic of this disorder is the access to lexicon through deictics and periphrases. Lexical-syntactic deficit was obs e rved in this subject during a sample of spontaneous language and of provoked nomination, and fluency was jeopardized. Another aspect found was the good reception for isolated words, but difficulties in the understanding of long enunciates 2 . This child pre s e nted these characteristics: the formal evaluation showed difficulties in the understanding of long enunciates, but the Peabody testing indicated average lexical reception.
The subjects that did not speak (or who spoke so little that we were unable to apply the protocol) were classified as presenting a mixed deficit when they had comprehension disorder and expressive deficit when they did not present any comprehension disord e r. The comprehension difficulty was evident in the understanding of short or long enunciates as well as in the lexical reception testing (Peabody). Oral language comprehension was jeopardized in all 17 subjects for lexical reception (Peabody: lower score for all subjects) as well as for the comprehension of long enunciations. Even though it is difficult to evaluate c o m p rehension, many children with SLI have diff iculties in understanding sentences 2 . Our data re i nforce this statement.
The comprehension difficulties observed in most of the subjects in this study are most likely related to what is called processing difficulties. The pro c e s s i n g of a sentence in higher levels (comprehension) re q u ires a series of transformation processes, that is, one type of information must be transformed into another: phonetic information, which is a result of the first analysis of spoken language, must be transform e d into phonological information, then this inform a t i o n must be transformed into semantic information, and consequently into an idea. Processing limitation means difficulty in transforming one information into another 3 . N e u roanatomic correlations -Most children presented cortical abnormalities in areas related to the oral language. The abnormality most commonly found was perisylvian polymicrogyria. The subjects presenting diffuse polymicrogyria along the Sylvian f i s s u re, extending to the frontal areas, had mainly phonological-syntactic deficit. It is important to note that three of the four subjects who presented absence of speech also had diffuse perisylvian polymicro g yria. The phonological deficit found in the subjects of this group who were able to speak is mainly of the inaccurate type, which is characteristic of art i c u l a t ory or bucofacial praxis disord e r. The two subjects with f rontal anomalies (patients 5 and 13) were classified as having a phonologic-syntactic deficit as well. The
